The application of Carbon Fiber Reinforced Polymer (CFRP) strips according to the Near Surface Mounted 9 (NSM) technique has proven to be a promising shear strengthening strategy for RC beams, in terms of 10 effectiveness and executability. Nevertheless, several aspects concerning the underlying resisting 11 mechanisms and their mechanical interpretation still need to be clarified and organized in a comprehensive 12 model. By a critical overview of the relevant research findings available to date in the analytical modeling 13 domain, it emerges that most of the efforts carried out are mainly devoted to quantify parameters related to 14 the NSM debonding failure mechanism, on the basis of test set-ups whose geometry often greatly differs 15 from the actual conditions met in a common T-cross section beam. To give some contribution for the 16 discussion of these subjects, an experimental program was carried out, on T-beams of quasi-real scale and 17 with a given ratio of existing steel stirrups. The main results are presented and analyzed in the present work.
INTRODUCTION

27
The possibilities of a technique, designated as Near Surface Mounted (NSM), for the shear strengthening of 28 reinforced concrete (RC) beams was started being explored at the beginning of this century 1 . This technique 29 consists on fixing, with epoxy adhesive, fiber reinforced polymer (FRP) bars into grooves opened in the 30 concrete cover of the beam lateral faces. In this exploratory work round bars were used but, recently, the 31 higher effectiveness of square bars was proved 2 . To assess the effectiveness of the NSM technique for the 32 shear strengthening of RC beams, using carbon FRP (CFRP) strips of rectangular cross section, Barros and 33 Dias 3 carried out an experimental program to analyze the influences of the strips' inclination, beam depth 34 and longitudinal tensile steel reinforcement ratio on the effectiveness of the externally bonded reinforcement 35 (EBR) and NSM strengthening techniques. Amongst the CFRP strengthening techniques, the NSM with 36 strips at 45º resulted to be the most effective, not only in terms of shear resistance increment but also in 37 terms of deformation capacity at failure of the beams. The NSM was also faster and easier to apply than the 38 EBR technique. To simulate the contribution of the NSM strips for the shear strengthening of tested beams, 39 those authors applied the debonding-based formulation proposed by Nanni et al. 4 , with some adjustments in 40 order to take into account the specificities related to the use of strips instead of round bars 5 . The predictive 41 performance of this model can be found elsewhere 5 . Despite the improvements introduced, the existing 95 tests carried out according to ISO 527-5 11 . These strips had a cross section of 10×1.4 mm 2 . Table 2 
102
The force-deflection relationships at the loading point of the tested beams are depicted in Fig. 3 . If R S max F  2 is 103 used as a basis of comparison, Table 3 and Fig. 3 show that, apart from the 2S_3LV beam, all adopted CFRP 5 carrying capacity: 0.3%, 4.1% and 18.7% for the beams strengthened with strips at 90º, 45º and 60º, 109 respectively, see Fig. 3a . However, the increment in the beam load capacity that these strengthening systems 110 provided for deflections above the one corresponding to the formation of the shear failure crack in the 2S_R 111 reference beam was appreciable, even for 2S_3LV beam.
112
The strengthening configurations of strips at 90º, 45º, and 60º, for intermediate fw ρ , provided an increase in 113 the maximum load of 13.3%, 21.9% and 24.4%, respectively (see Fig. 3b and Table 3 ). Amongst the beams 114 strengthened with the highest fw ρ , the strengthening configuration with  = 60º was the most effective in 115 terms of peak load: a 28.9% increase was obtained, while increments of 25.7% and 21.3% were recorded for 116  = 90º and  = 45º, respectively.
117
As mentioned above, the highest fw ρ for each strengthening arrangement was designed to achieve a peak 118 load close to that of the 6S_R reference beam. The obtained experimental results show that, in general, this 119 was attained, since the maximum load of the beams with  = 90º, 45º and 60º reached 97%, 93% and 99%, 120 respectively, of the maximum load of the 6S_R reference beam (see Fig. 3c and Table 3 ). The most notable 121 aspect is, however, the larger load-carrying capacity of the strengthened beams with respect to the 6S_R 122 reference beam, after shear crack initiation of the 2S_R beam (see Fig.3c ). This improved performance of the 123 strengthened beams can be ascribed to the stiffness contribution provided by the strips.
124
It is worth pointing out that in the beams strengthened with higher strips' shear strengthening ratio, a layer of 125 concrete, approximately as thick as the cover, and containing the glued strips, progressively detached from strength, ctm f , is distributed throughout each of the resulting semi-conical surfaces orthogonally to them in 155 each point (see Fig. 6b ).
156
The NSM shear strength contribution, f V , can be calculated by adding the contribution ascribed to each 1 2 . sin .
where f N is the number of the strips crossing the shear crack. 
The debonding-based term, , p db fi V , ascribed to the i-th strip and parallel to its orientation can be computed 163 like follows:
2 .
.
where ( ) 
The tensile rupture-based term, , p tr fi V , ascribed to each strip and parallel to its orientation is equal to: 167 , .
where fu f is the tensile strength of the adopted CFRP strips. The concrete fracture-based term, . sin .
concisely denotes the semi-conical surface associated to the i-th strip and fi  is the angle 172 between the generatrices and the axis of the semi-cone attributed to the i-th strip.
173
The angle between the axis of the semi-conical surface and its generatrices, f  , calibrated on the basis of the 
Further details can be found elsewhere 5 . If attention is focused on one strip only, in the case in which it 179 results to be orthogonal to the crack plane and in complete absence of interaction with the contiguous ones, 180 the shear strength contribution parallel to its orientation p fi V can be calculated by:
fi fi . As the spacing between subsequent strips is reduced, their semi-conical fracture surfaces 191 overlap and the resulting envelope area progressively becomes smaller than the mere summation of each of 192 them (see Fig. 9a ). This detrimental interaction between strips can be easily taken into account by calculating 193 the resulting semi-conical surface ascribed to each strip accordingly. For very short values of the spacing, the 194 resulting concrete failure surface is almost parallel to the web face of the beam, which is in agreement with 195 the failure mode observed experimentally, consisting in the detachment of the concrete cover from the 196 underlying core of the beam (see Figs. 4e and 4f). Since the position of those semi-conical surfaces is 197 symmetric with respect to the vertical plane passing through the beam axis, the horizontal outward 198 components of the tensile strength vectors distributed throughout their surfaces are balanced only from an 9 overall standpoint but not locally (see Fig. 9b ). This local unbalance of the horizontal tensile stress . sin . . . ;
is the area, function of both the available bond length fi L and the angle fi  , obtained by 210 projecting the semi-conical surface on a plane orthogonal to the strip (see Fig. 10 ).
211
Since the intersection of each semi-conical surface with the crack plane is constituted by a semi-ellipse, that . sin .
In the following, the model is developed taking into consideration the three geometrical configurations, for 236 1, 2, 3 k  (see Fig. 12 ). Three different configurations of the strips with respect to the assumed crack origin 237 are considered in order to get a general approach for the relative position between the shear failure crack and 238 the intersected strips. More details can be found elsewhere 5 .
239
The configuration is reflected by the digit after comma present in the subscript of each configuration- 
258
The formulation requires the use of the following two Cartesian reference systems (see Fig. 6 ):
259
 oxyz global reference system whose origin is placed in the assumed crack origin and whose plane oxy 260 lies on the intrados of the prism schematizing the beam web;
261
 OXYZ the crack plane reference system whose origin is placed in the assumed crack origin and whose 262 plane OXY lies on the plane schematizing the crack. 
f k f k x N can assume the following values, as function of . .
The above three pairs include, respectively: the possibility for the strips to attain the minimum total available 277 bond length ( Fig. 12a ); the possibility that an even number of strips be disposed symmetrically with respect 278 to the intersection point between the longitudinal axis of the beam's web and the shear crack plan (point P in 279 Fig. 12b ); the case in which one strip has the maximum length i.e., it intersects the crack at its mid-length 280 ( Fig. 12c ).
281
The position of each strip along the assumed x-axis is (see Fig. 12 ):
and its available bond length, i.e. the shorter length on either side of the crossing crack, is obtained by: 13 To easily determine the equations of the semi-ellipses in the crack plane reference system, the prominent 286 geometrical quantities, for each i-th strip, are stored in the corresponding i-th row of the k G matrix, that is, 287 the G matrix in the k-th configuration, of , 8 f k N  dimensions. The first column of the k G matrix has the 288 position of each strip singled out along the OX axis of the crack plane reference system, fi X (see Fig. 13 ).
289
For a generic i-th strip, , fi k X can be evaluated by:
The second column includes the length of the major semi-axis of the semi-ellipse, a . For a generic i-th strip, 291 , i k a can be determined from:
The third column stores the values of the position, along the OX axis, of the center of the i-th ellipse o X .
293
For a generic i-th semi-ellipse, , oi k X can be calculated from: 
The fourth column includes the values of the abscissa, in the local reference system of the i-th semi-ellipse 295 
For this purpose, the coefficients of the semi-ellipses are stored in the E matrix that, for the k-th 311 configuration ( k E ) has , 4 f k N  dimensions. The first to fourth columns of the E matrix store the values of 312 the coefficients of the semi-ellipses. For a generic i-th semi-ellipse of the k-th configuration, these 313 coefficients can be calculated from:
. 
Otherwise, if the following condition is satisfied:
the i-th and j-th semi-ellipses are intersecting in only one point, and the abscissa in the OX axis is given by:
In this case a "non-value", represented by an asterisk, is assigned to the corresponding cell of the 
if the following condition is satisfied: . 0
and the corresponding value 2, e i k Y is determined by the following expression: 
is such as to satisfy, for the i-th semi-ellipse, the following acceptance conditions: . 0 for 1 0 a n d 0 < a n d 2 .
. . 0 1 a n d with 1,....., 1 For the k-th configuration, the term is such as to satisfy the following acceptance conditions:
. 0 for 1,......, 
. 0 1,...., 0 2 . . 0 1,...., . 0 1 , . , 
Likewise, the second column term of the i-th row, 1  1  4  4  5  5  12  21  65  72  1  1  2  2  4  4  12 56 61 is such as to satisfy, for the i-th semi-ellipse, the following acceptance conditions: . 0 with 1,....., 1 
Likewise, the second column term of the i-th row 
. .
. sin Table 4 . 28 influenced by the mutual position between steel stirrups and strips. Despite the improvements introduced, the 501 existing debonding-based model systematically provides an overestimation, the higher the smaller the 502 spacing, of the experimentally recorded shear strengthening contribution by NSM CFRP strips. Such 503 overestimation, as further confirmed by experimental evidence, can be ascribed to the erroneous assumption 504 that the expected failure mechanism is debonding, regardless of the influence of both concrete tensile 505 strength and existing stirrups/strips interaction.
506
A new predictive model, originated from the need for a rational explanation to the features of the above 507 failure mechanism affecting the behavior at ultimate of RC beams shear strengthened by NSM CFRP strips, Notes: The monitored strip is in the opposite face of the represented one; Apart from beams 2S_5LI45 and 2S_5LI60, in the remaining ones, the 620 lateral face where the two strain gauges were installed on the leg of the steel stirrup (see Fig. 1 ) is the same where the monitored strip was fixed. 
